EffEcts of paIn on actIvItIEs of daIly lIvIng and functIonIng In parkInson's dIsEasE patIEnts abstract objective: To investigate how pain affects Parkinson's disease (PD) patients in their activities of daily living (ADL) and functioning, and to identify correlations among ADL and types of pain, pain locations, and demographics. Methods: The study population comprised 104 PD patients who reported feeling pain. Patients indicated whether pain affected particular actions, including standing, walking, and laboring. Patients further reported the functional effects of pain on their emotional and social health. Data was collected using self-made questionnaires. results: Overall, akathisic pain was the most effective predictor of negative effects of pain on ADL. The presence of akathisic pain increased the likelihood of mobility problems by almost 4.0-fold (p = 0.024), exhaustion by 10.0-fold (p = 0.017), social functioning problems by 3.5-fold (p = 0.037), lack of enjoyment in life by approximately 4.0-fold (p = 0.017) and problems in emotional functioning by 3.6-fold (p = 0.025). In addition, it was found that the duration of PD was correlated to problems with daily work (p = 0.033); Hoehn and Yahr stage of PD at diagnosis was correlated to exhaustion (p = 0.013); and male gender was correlated to a lack of perceived enjoyment of life (p = 0.010). conclusion: Pain is a debilitating symptom of PD patients, and has a negative impact on ADL. Thus, medical professionals should seriously consider the effects of pain in deciding the optimum therapeutic approach for PD patients. 
Introduction
Classification of pain in PD Over 90% of Parkinson's disease (PD) patients experience non-motor symptoms. Of these, pain has been shown to be one of the most common and significant [1] . The presence of pain in PD patients is supported by various case-control studies, which aimed to compare the incidence of pain in PD patients to that of the healthy population [2] . Approximately 30% to 85% of patients with PD complain of experiencing pain [3] . Painful symptoms can be categorized as either primary or secondary in nature. These groups can be further subdivided on the basis of etiologies and major symptoms [4] .
Primary pain is induced by the disease process itself and may also be referred to as primary pain of central origin [3, 4] . Patients may present with a general sense of discomfort or malaise, while experiencing unaccounted stabbing, painful, itching, aching, burning, or tingling sensations [4] . Secondary pain is more prevalent than primary pain, and arises from conditions that are brought on by PD [5] . There are multiple classifications of secondary pain, which include musculoskeletal (MSK) pain, radicular/neuropathic pain, dystonia-related pain, akathisia, and pain related to restless legs syndrome (RLS) [4] . MSK-related pain may arise due to problems of the muscles and bones in PD patients. Radicular and neuropathic pains are associated with tingling, cooling and numbing sensations. This is often a result of damage to the nerve or the nerve root - [6] . Dystonia-related pain is the most severe form of secondary pain, and often arises as a complication from dopaminergic therapies [4] . Patient experiencing a constant longing to move, and/or physical inability to remain still is a hallmark of akathisia. This is most commonly observed in the lower legs. Akathisia differs from RLS, which gives patients the urge to move while remaining in control of voluntary movements. Furthermore, unlike in akathisia, the pathophysiology of RLS is coupled to circadian rhythms [4] .
Both pharmacological and nonpharmacological therapies may be used for the treatment and management of pain in PD patients [3] . Finding the most effective solution depends on the classification of the patient's pain. Although there are few studies of pain management in the PD population [4] , clinical experience suggests that there are effective and safe pain management options in PD patients.
Pathophysiological basis for pain in PD
The pathophysiological mechanism involved in the presentation of pain among PD patients is not completely clear. However, the etiological basis of PD-related pain is multifactorial, with varying degrees of contribution from peripheral and central sources [7] . Pain in PD patients may manifest from the spino-hypothalamic tract [8] . These neurons project mainly to the hypothalamus, but have collaterals reaching the substantia nigra (SN), locus coeruleus, the striatum, amygdala and thalamus, carrying in this way nociceptive information to both the substantia nigra and striatum. Additionally, most of the pain afferent pathways end or relay information to the thalamus, particularly in the lateral and medial thalamic nuclei.
The latter, mainly nucleus centromedian and lateral central nuclei, project and receive dense connections to and from the striatum.
Neurophysiological experiments have
shown responses in neurons in the substantia nigra pars compacta (SNc) in both rodents and monkeys to noxious stimuli, suggesting a nondiscriminatory role that was context dependent [9] . In addition, in vivo studies have suggested a functional segregation of the basal ganglia (BG) in the processing of pain [10] .
Using PET and H 2
15
O, Brefel-Courbon et al. [11] have observed that PD patients off medication have a reduced pain threshold and that this was associated with a greater activation of the pain matrix (insula, cingulate and prefrontal cortex). Levodopa reduces this abnormal cortical recruitment and increases pain threshold [12] . This suggests a role of the dopaminergic system in the modulation of pain. This finding that pain most frequently occurs in untreated patients or during "off" medication periods has also been found in other studies [13] . This suggests that pain coincides with low dopaminergic striatal activity. However, apomorphine does not modify the perception of pain, nor does it change the brain activation pattern when PD patients receive a painful stimulus [14] . As apomorphine is a pure dopaminergic agent whereas levodopa may also lead to an increase of noradrenaline release, it is possible that the modulation of pain may be more likely mediated by the noradrenergic system. It has also been suggested that PD patients are predisposed to painful sensations due to an abnormal nociceptive input processing in the central nervous system [15] .
Functional outcomes of pain in PD 
Material and methods
A neurologist conducted semi-structured interviews with 121 patients in 2011.
Demographic results are summarized in Table 1 shown to correlate strongly with a diminished quality of life (QoL) [19] . Our findings confirm the impact of mobility problems on QoL in PD, as presented in previous studies [20, 21] .
Both exhaustion and difficulty turning in bed are likely to contribute to falls, which in turn, influence ADL and QoL in PD patients. This is exacerbated by an increased incidence of injuries, time spent in a hospital [22] , and the social stigma associated with falling in public.
In addition, the fear of falling can prevent PD patients from taking part in activities, further restricting their ADL [23] . The ability to dress and undress oneself is a major indicator of a person's functional independence, and an inability to do so increases the patient's dependence on others. Simple interventions to facilitate everyday activities are therefore an important strategy for improving ADL. The contribution of fatigue to poorer QoL in PD had been previously noted, and has been rated among the most disabling symptoms of PD by a large percentage of patients [20, 24] .
Another important finding is the substantial decrease in enjoyment of life for male PD patients compared to female ones. Prevailing thought argues that women, in both healthy and PD populations, assimilate pain in a more intense and frequent manner than men [25, 26] , but our findings seem to suggest the opposite.
It is interesting that male gender is correlated with a lack of perceived enjoyment in life, despite women being more likely to complain about painful signs and symptoms [27] . One explanation is that since males report pain less frequently, pain symptoms in males are more 
